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AMMONIA-N REMOVAL USING SOIL MIXED CULTURE: KINETIC STUDY 
  
ABSTRACT 
 
 Ammonia is a colorless, water-soluble gas by-product of the microbiological 
decomposition of organic nitrogen by the nitrification process. This ammonia is a natural 
chemical substance that contains inside the earth which can cause disturbance to living 
organism especially animals. The most affected animal due to this toxic gas is poultry 
which is in the industry. In Poultry Farm Wastewater (PFW), there contains a lot of 
ammonia-N (NH3) compound which is excreted by poultry. This high concentration of 
ammonia-N compound will produce a high level of toxic gas that will cause the poultry 
to be unhealthy or worst which is mortality. Since poultry is a source of food for people 
around the world, thus maintaining the quality of poultry is necessary. The high demand 
of poultry around the world nowadays leads to find a way to reduce the mortality of the 
poultry in industries. In order to reduce the mortality of poultry, a new way in reducing 
of ammonia-N in PFW in industries is needed in which by using soil mixed culture. 
There are some researches that have been found to use soil mixed culture as a medium of 
reducing this ammonia-N concentration inside this PFW. In this research, the objective 
is to study the kinetic parameter involving ammonia-N removal by using soil mixed 
culture. DR/2800 HACH Spectrometer will be utilized in order to determine 
concentration of ammonia-N. Since reduction of ammonia-N concentration is the one of 
the objective of this research, the determination of the best kinetic parameter for this soil 
mixed culture is required. An ammonia-N solution will be prepared by taking the pure 
ammonia-N solution mixed with water to get the solution. Kinetic parameter will be 
determined by ammonia-N removal using the soil mixed culture from University 
Malaysia Pahang (UMP) and poultry farm in which has been conducted in the 
experiment which follows the kinetic modeling. At the end of this research, results will 
show for the kinetic values for nitrification which are the time taken for the ammonia-N 
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to be reduced, k,  and the amount of ammonia-N concentration can be reduced, KN, will 
be determine to compare and analyze using Linear Regression Method. Lastly, Monod 
Model represents the growth of the microorganism inside the soil mixed culture which 
determines the rate of nitrification process. From the experiment that has been done, the 
results that want to be obtained were for the value of the coefficient k and KN for both 
the UMP soil mixed culture (UMPC) and poultry farm soil mixed culture (PFC). By 
using the experimental data obtained in this research, the kinetic constants for 
nitrification were determined as k = 1.227 h-1 and KN = 67.609 mg/L for UMPC and k = 
1.090 h-1 and KN = 68.454 mg/L for PFC. These value of KN  and k will determine the 
maximum reduction of ammonia-N concentration and the time taken for the process. 
From the result, the best solution in reducing the ammonia-N concentration was by using 
the PFC because the PFC can reduce the most ammonia-N in lesser time than UMPC. 
Other than that, the PFC can reduce more ammonia-N than other research which they 
obtained a lower reduction of ammonia-N concentration and slower time taken to reduce 
the ammonia-N concentration. 
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PENYINGKIRAN AMMONIA-N DENGAN MENGUNAKAN TANAH 
CAMPURAN KULTUR: KAJIAN KINETIC 
 
ABSTRAK 
 
 Ammonia adalah sejenis gas yang tidak berwarna serta larut dalam air yang 
merupakan hasil sampingan dari penguraian mikrobiologi nitrogen organik melalui 
proses nitrifikasi. Ammonia ini adalah bahan kimia semulajadi yang mengandungi di 
dalam bumi yang boleh menyebabkan gangguan kepada organisma hidup terutama 
haiwan. Haiwan yang paling terjejas kerana gas toksik ini adalah ayam yang berada 
dalam industry. Terdapat banyak ammonia-N (NH3) kompaun mengandungi dalam Air 
Sisa Ladang Ayam (ASLA) yang dikeluarkan oleh ayam dalam industri. Gas toksik yang 
tinggi tahapnya akan terhasil apabila kepekatan sebatian ammonia-N yang tinggi berada 
di tahi ayam akan menyebabkan ayam  menjadi tidak sihat atau kematian. Oleh sebab 
ayam merupakan sumber makanan bagi manusia di seluruh dunia, mengekalkan kualiti 
ayam adalah sangat diperlukan. Permintaan yang tinggi untuk memperolehi ayam di 
seluruh dunia pada masa kini membawa kepada mencari cara untuk mengurangkan kadar 
kematian ayam dalam industry. Dalam usaha untuk mengurangkan kadar kematian 
ayam, cara baru dalam mengurangkan ammonia-N dalam ASLA pada industri 
diperlukan di mana dengan menggunakan tanah campuran kultur. Terdapat beberapa 
kajian yang telah ditemui dengan menggunakan kultur tanah bercampur sebagai medium 
mengurangkan kepekatan ammonia-N dalam ini ASLA. Dalam kajian ini, objektif utama 
adalah untuk mengkaji parameter kinetik melibatkan ammonia-N penyingkiran dengan 
menggunakan kultur tanah campuran. DR/2800 HACH Spektrometer akan digunakan 
untuk menentukan kepekatan ammonia-N. Oleh kerana pengurangan kepekatan 
ammonia-N adalah salah satu objektif kajian ini, penentuan parameter kinetik terbaik 
untuk kultur tanah bercampur ini adalah diperlukan.  Larutan ammonia-N akan 
disediakan dengan mengambil ammonia-N tulen  dengan menyampurkannya dengan air 
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untuk mendapatkan larutan yang berkaitan. Parameter kinetik akan ditentukan untuk 
penyingkiran ammonia-N dengan menggunakan kultur tanah yang bercampuran dari 
Universiti Malaysia Pahang (UMP) dan ladang ternakan yang telah dijalankan dalam 
eksperimen yang mengikuti model kinetik. Pada akhir kajian ini, keputusan akan 
menunjukkan nilai kinetik untuk nitrifikasi iaitu k, dimana ia adalah menunjukkan masa 
yang diperlukan untuk ammonia-N dikurangkan, dan KN, dimana jumlah kepekatan 
ammonia-N boleh dikurangkan, bagi menganalisis dan membandingkan dengan 
menggunakan Kaedah Regresi Linear. Akhir sekali, Model Monod akan digunakan bagi 
mewakili pertumbuhan mikroorganisma di dalam kultur tanah bercampur yang 
menentukan kadar proses nitrifikasi. Dari eksperimen yang telah dilakukan, keputusan 
yang hendak diperolehi adalah bagi nilai pekali k dan KN untuk kultur tanah campuran 
UMP (UMPC) dan ladang ternakan tanah kultur campuran (LTC). Dengan 
menggunakan data ujikaji yang diperolehi dalam kajian ini, pemalar kinetik untuk 
nitrifikasi telah ditentukan dimana k = 1.227 h-1 dan KN = 67.609 mg/L untuk UMPC dan 
k = 1.090 h-1 dan KN = 68.454 mg/L untuk LTC. Nilai yang telah diperolehi iaitu KN dan 
k akan menentukan pengurangan maksimum kepekatan ammonia-N dan masa yang 
diambil untuk proses nitrifikasi tersebut. Dari hasil yang telah diperolehi, cara yang 
terbaik dalam mengurangkan kepekatan ammonia-N adalah dengan menggunakan LTC 
kerana LTC boleh mengurangkan kepekatan ammonia-N yang paling banyak dalam 
masa yang singkat berbanding UMPC. Selain daripada itu, LTC boleh mengurangkan 
lebih ammonia-N daripada pengkaji lain yang dimana mereka dapat pengurangan 
kepekatan ammonia-N yang lebih rendah dan masa yang diperlukan adalah sangat lama 
untuk mengurangkan kepekatan ammonia-N. 
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CHAPTER 1 
 
 
INTRODUCTION  
 
 
1.1 Background of Proposed Study 
 
In this few years, there has been a lot of paper works reported that poultry 
industries have been increase in loss due to a large number of poultry cannot be sold 
because of health problem occurred in the industry. The health problem occurred in this 
industry is the high concentration of ammonia-N in their farm. This ammonia-N is 
present from the excretion of the poultry itself where it turns the ammonia-N into 
nitrogen gas. The concentration of ammonia-N need to be reduced as low concentration 
as possible in order to protect the workers as well as the poultry health in the industry. 
This problem has not been resolved yet due too many people do not know how to utilize 
and manipulate the uses of nitrification process to the fullest. This can be proven because 
the bacterium for nitrification process uses the ammonium, NH4
+ as source of energy. If 
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this natural process is used wisely and correctly, the reduction of ammonia-N will 
occurred and it will reduced the concentration around the poultry farm to the lowest 
concentration. In order to utilize the nitrification process to the fullest potential, the 
determination of kinetic parameter and uses the kinetic modeling of the soil is needed. 
By knowing and applying this kinetic parameter and modeling, the people from the 
poultry industry can know which type of soil to be used in order to reduce the ammonia-
N concentration in their industry. By knowing the soil used, the ammonia-N 
concentration can be reduced to the lowest value. 
 
 
1.2 Introduction 
 
 Ammonia-N is one of the natural chemical substances that contains inside the 
soil of the earth. The increase in the concentration of ammonia-N is due to the soil of the 
earth is mixed up with manure from living organism such as poultry, cow, sheep and 
others. Poultry in poultry farm gives a high percentage or concentration of ammonia-N 
rather than earth itself due to the poultry farm has a wastewater which can form a 
nitrification process where ammonia-N is convert to nitrate through nitrification and 
ammonia-N that is not good for health. In case of poultry, nitrogen is excreted as uric 
acid and as undigested protein in fecal waste where 50% of nitrogen is present inside 
fresh manure which is ready to be converting the ammonia-N by hydrolysis, 
mineralization and volatilization (Ritz, Fairchild, & Lacy, 2004). Based on the 
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researcher of Hale III (2004), the researcher uses barn as a research place where the 
researcher used 20 chickens and four barns where one barn consists of 5 chickens in 
order to compare with different diet used to reduce the ammonia-N emission. But for the 
research part, we only take the required data that is before the chicken is fed with 
different diet for a week. The total amount of ammonia-N presented in the barns for a 
week for 20 chickens is 602.70 mg/L of concentration (Hale III, 2004) where for each 
chicken for a week is only about 30.14 mg/L of ammonia-N concentration. Based on the 
other researcher, the researcher uses the animal housing as the research place. The 
researcher only uses one chicken for the experiment for a whole week and get that the 
concentration of ammonia-N in the poultry farm wastewater is 38.56 mg/L (Moore et al., 
2008). From the two researchers, the average poultry farm wastewater will give around 
30 to 40 mg/L concentration of ammonia-N that is presented. Thus the concentration of 
ammonia-N in the poultry farm wastewater is around 30 to 40 mg/L. 
 
 
1.3 Problem Statement 
 
 Currently nowadays, the disease that killed many poultry is due to overexposed 
of ammonia-N concentration where it is present inside its poultry farm wastewater 
(PFW). The ammonia-N is a very toxic substance that it can cause death to animals. This 
can lead to disadvantages of the poultry company or farmer as it can affect their income 
on daily lives. The overexposed of highly concentrated ammonia-N which is more than 
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50 ppm causes keratoconjunctivitis, with symptoms including watery eyes, closed 
eyelids, rubbing of eyes with the wings and blindness (Hale III, 2004). Since ammonia-
N is the main problem in PFW, thus reducing it is needed. Industries all over the world 
do not try to create a way in reducing the ammonia-N concentration in PFW. So, this 
study can help in creating a new finding and will be a pioneer to other research which 
can be provided in the future. By using the method of soil mixed culture, the ammonia-N 
can be reduced in PFW. In the soil, bacteria are containing which these bacteria have 
distinct characteristics that can withstand the ammonia-N level of poisonous odor and 
can perform a process of nitrification to reduce the ammonia-N concentration. The new 
way to reduce the ammonia-N concentration in PFW is by using the soil mixed culture in 
which knowing the kinetic parameter of the soil mixed culture so it can be used by other 
researchers in the world. Thus soil mixed culture can help in reducing the concentration 
in PFW and can reduce the death of the poultry in poultry industries globally. 
 
 
1.4 Research Objective 
 
The main purpose of this research is 
i. To study the kinetic of ammonia-N removal using soil mixed culture. 
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1.5 Scope of Research 
 
The scopes of this study are: 
i. To use the soil mixed culture where it can be obtained from area around 
University Malaysia Pahang (UMP) and poultry farm, as the medium to reduce 
ammonia-N concentration. 
ii. To reduce ammonia-N to the lowest concentration by using soil mixed culture. 
iii. To determine kinetic parameter of ammonia-N removal using soil mixed culture 
from UMP and poultry farms by kinetic equation represent nitrification process. 
iv. To compare the value of k and KN from nitrification process using soil mixed 
culture from UMP source and poultry farms source and compare both value of k 
and KN with other research.  
v. The method for analyzing the data that will be use is Linear Regression method. 
This method is by using Microsoft Office Excel Solver program. 
 
 
1.6 Significant of Research 
 
 This study carries the significance of achieving the lowest ammonia-N content in 
poultry farm wastewater (PFW) that can help in providing a good and healthy poultry all 
over the world from the poultry industry. This study would also provide the information 
of concentration of ammonia-N with using the HACH Spectrometer DR/2800 where by 
using kinetic theory or parameter of nitrification can help in lowering the concentration 
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of ammonia-N. This kinetic parameter is needed in order to know the amount of 
ammonia-N can be reduced and the time taken to reduce the ammonia-N. By this kinetic 
parameter, the appropriate soil can be determined in order to reduce the most amount of 
ammonia-N. The kinetic value is an important nitrification system design and to ensure 
that the nitrifying microorganisms are capable of presenting efficient metabolic activity. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Ammonia 
 
 Ammonia is a colorless, water-soluble gas by-product of the microbiological 
decomposition of organic nitrogen compounds in poultry farm wastewater (PFW) (Ritz 
et al., 2004). Ammonia-N is a chemical substance that consists of ammonia (NH4) and 
nitrogen (N). This chemical substance is a very dangerous chemical substance that can 
cause a lot of negative effect. Figure 2.1 shows the ammonia structure and Figure 2.2 
shows chemical formula of ammonia. 
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Figure 2.1 Ammonia structure 
 
Figure 2.2 Chemical formula of ammonia 
 
 Ammonia-N is one of the components or chemical that is present inside the PFW 
for many years which cause health issues to the poultry industry. Ammonia-N can be 
dangerous to the poultry and the workers inside the industry. This have been proven by 
Hale III (2004), that  ammonia-N vapors causes damage to the respiratory tract after only 
six week and when the poultry exposed to 20 ppm ammonia-N for 72 hours, the chicken 
or turkey will get infected with the Newcastle disease. This disease is Paramyxovirus 1 a 
highly contagious viral disease affecting poultry of all ages. Affected species include 
chickens, turkeys, pigeons and ducks.  PFW is a wastewater treatment where poultry 
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manure from the excretion of poultry contains ammonia-N. This ammonia-N does not 
have an ionic charge, making it readily released into the atmosphere in gaseous form can 
affect the health of poultry and the worker in poultry industries. However, gross and 
microscopic damage to the respiratory tract could be detected only after six week of 
continuous exposure to 20 ppm of ammonia-N (Hale III, 2004). The level of ammonia-N 
concentration which is from 75 to 100 ppm is associated with changes in the respiratory 
epithelium, including loss of cilia and increased number of mucus-secreting cells. Excess 
ammonia-N concentration of 100 ppm in the atmosphere in layer house can also affect 
egg production of poultry (Kim & Patterson, 2004). From a global perspective, 
ammonia-N emissions also play a key role in acid rain formation.  Besides that, Beker et 
al. (2004) has found out that NH3 in poultry houses lowers performance and may 
increase disease susceptibility. This also has been proven by Olanrewaju et al. (2009) 
and Kristensen & Wathes (2000) that ammonia-N has shown to be detrimental to poultry 
health and performance and is cited as an environmental concern as well (National 
Research Council, 2003). It has been suggested that ammonia-N concentration should 
not exceed 25 ppm in poultry houses. However, the prolonged exposure of ammonia-N 
concentrations, as low as 20 ppm, can be detrimental to poultry health and its 
performance throughout the production period. An exposure of 300 ppm of ammonia-N 
concentration is considered an immediate danger to life and human health (Ritz et al., 
2004). The National Institute of Occupational Safety and Health (NIOSH) have 
established a time-weighted human threshold limit value which can only withstand 8 to 
10 hours exposure of ammonia-N concentration at level of 25 ppm. The Occupational 
Safety and Health Administration (OSHA) stated that only 8 hours of exposure to the 
ammonia-N can be withstand at a the concentration of 50 ppm. The American 
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Conference of Governmental Industrial Hygienists (ACGIH) determined that human can 
withstand only for a short-term exposure limit of 5 minutes at the ammonia-N 
concentration of 35 ppm. 
 
 
2.2 Ammonia Wastewater 
 
 Wastewater is any water that has been adversely affected in quality by human 
activity and also known as anthropogenic. The wastewater consists of waste that can 
contaminate the pure water in sense of their concentration. The waste can be discharge 
by many methods that are domestic residences, commercial properties, industry, and 
agriculture. The areas in which majority of wastewater are gather are known as the 
municipal wastewater. This municipal wastewater contains a broad spectrum of 
contaminants resulting from the mixing of wastewater from homes, businesses, 
industrial areas and often storm drains, especially in older sewer systems. Wastewater 
usually contains one important chemical that is ammonia-N. This ammonia-N usually 
present inside the wastewater due to the waste contains ammonia-N. In this part, there 
will be an explanation about the wastewater in poultry farm, in agriculture; wastewater 
in municipal and also comparing the concentration of ammonia-N in the wastewater 
between these three places will be elaborated.  
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2.2.1 Ammonia-N Content in Poultry Farm Wastewater (PFW) 
 
Poultry farm is a place where industries breed and grow their poultry. These 
breeding and growing of poultry causes increasing number of poultry in poultry farm. 
From these poultry, they will produce a large amount of waste or excrement that will 
lead to over waste produced. The waste contains a lot of ammonia-N and thus causes the 
poultry farm to be contaminated or more toxic due to the ammonia-N released. The 
excessive waste produce from the poultry causes the waste to spoil the water near the 
farm and thus forming wastewater. This wastewater will release high concentration of 
ammonia-N that will lead to the poultry health issues and finally the poultry will die and 
people can get a disease from this. Figure 2.3 shows the poultry farm and the poultry 
inside the farm place.  
 
  
Figure 2.3 The poultry farm and the poultry inside the farm place 
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There is this one research journal from a company of bio treatment where they 
have done a research about poultry waste water in the month of June. They take the 
sample from a poultry farm water supply and found out that at this month, the ammonia-
N concentration was 170.80 mg/L. This shows that poultry waste contains a lot of 
ammonia-N and can contaminate any water supply. 
 
2.2.2 Ammonia-N Content in Agriculture Wastewater  
 
 Agriculture is a farming or cultivation of animals, plants, fungi, and other life 
forms for food, fiber, and other products used to sustain life. Agriculture is the key 
development in the rise of sedentary human civilization, whereby farming of 
domesticated species created food surpluses that nurtured the development of 
civilization. Agriculture, generally speaking, refers to human activities of farming and 
plantation but due to the pest present such as ant and termite, they disrupt and destroy 
crops and plantation. Because of this termite and ant, many farmers use pesticides in 
order to kill them. The pesticides are widely used nowadays by farmers to control plant 
pests and enhance production, but these chemical pesticides can cause water quality 
problems. Pesticides can be transmitted to the surface of water via direct application, 
runoff during rain storms and aerial drift. Figure 2.4 shows the agriculture wastewater 
and aerial drift pesticides implementation.  
 
